We built a catalog of 219 FR I radio galaxies (FR Is), called FRICAT, selected from a published sample and obtained by combining observations from the NVSS, FIRST, and SDSS surveys. We included in the catalog the sources with an edge-darkened radio morphology, redshift ≤ 0.15, and extending (at the sensitivity of the FIRST images) to a radius r larger than 30 kpc from the center of the host. We also selected an additional sample (sFRICAT) of 14 smaller (10 < r < 30 kpc) FR Is, limiting to z < 0.05. The hosts of the FRICAT sources are all luminous (−21 M r −24), red early-type galaxies with black hole masses in the range 10 8 M BH 3 × 10 9 M ⊙ ; the spectroscopic classification based on the optical emission line ratios indicates that they are all low excitation galaxies. Sources in the FRICAT are then indistinguishable from the FR Is belonging to the Third Cambridge Catalogue of Radio Sources (3C) on the basis of their optical properties. Conversely, while the 3C-FR Is show a strong positive trend between radio and [O III] emission line luminosity, these two quantities are unrelated in the FRICAT sources; at a given line luminosity, they show radio luminosities spanning about two orders of magnitude and extending to much lower ratios between radio and line power than 3C-FR Is. Our main conclusion is that the 3C-FR Is just represent the tip of the iceberg of a much larger and diverse population of FR Is.
Introduction
introduced the first classification scheme for extragalactic radio sources with large-scale structures (i.e., greater than ∼15-20 kpc in size). They proposed to distinguish radio sources into two main classes on the basis of the relation between relative positions of regions of high and low surface brightness in their extended components. This scheme was based on the ratio R FR of the distance between the regions of highest surface brightness on opposite sides of the central host galaxy to the total extent of the source up to the lowest brightness contour in the radio images. Radio sources with R FR <0.5 were placed in Class I (i.e., the edge-darkened FR Is) and sources with R FR >0.5 in Class II (i.e., the edge-brightened FR IIs).
This morphology-based classification scheme was also linked to their intrinsic power, when Fanaroff and Riley found that all sources in their sample with luminosity at 178 MHz smaller than 2×10 25 W Hz −1 sr −1 (for a Hubble constant of 50 km s −1 Mpc −1 ) were classified as FR I while the brighter sources all were FR II. The luminosity distinction between FR classes is fairly sharp at 178 MHz but their separation is cleaner in the optical-radio luminosity plane, implying that the FR I/FR II dichotomy depends on optical and radio luminosity (Ledlow & Owen, 1996) .
The selection of large and well-defined samples of radio galaxies is of great importance to properly address several issues, such as building their luminosity functions, exploring the properties of their hosts, studying their environment and their cosmic evolution, and comparing the results obtained for the different classes of radio-galaxies for radio-quiet active nuclei and for the population of quiescent galaxies.
In particular, the number of known FR I radio galaxies is rather small. For example the Third Cambridge Catalogue of Radio Sources (3C; Bennett 1962) includes less than ∼30 FR Is. The second Bologna sample (B2; Colla et al. 1975; Fanti et al. 1978 ) is formed by ∼100 radio galaxies of lower luminosity than those of the 3C; most of these have a luminosity below the FR I/FR II transition and about half of them of are FR I. These samples are not sufficiently large to address the issues listed above properly. Furthermore, as these samples are selected with a rather high flux threshold, they present a limited (and possibly statistically biased) view of the FR I population.
The advent of large area surveys opens the opportunity to set the results on several key issues on strong statistical foundations. In particular, the radio, infrared, and optical observations available thanks to recent large-area surveys are a unique tool in the analysis of the radio galaxies and quasars, since they allow us to identify large numbers of radio sources, obtain spectroscopic redshifts, and determine the properties of their hosts. Best et al. (2005) , Baldi & Capetti (2010) , and Best & Heckman (2012) already used the extensive multifrequency information available to analyze the properties of the population of low redshift radio emitting AGN. We here also consider the radio morphological information and explore the possibility to create the first catalog of FR I radio galaxies selected on the basis of radio and optical data, which we call the FRICAT. This paper is organized as follows. In Sect. 2 we present the selection criteria of the sample of FR Is, whose completeness is discussed in Sect. 3. The radio and optical properties of the selected sources are presented in Sect. 4 and discussed in Sect. 5. Sect. 6 is devoted to our summary and conclusions.
Throughout the paper we adopt a cosmology with H 0 = 67.8 km s −1 Mpc −1 , Ω M = 0.308, and Ω Λ = 0.692 (Planck Collaboration et al., 2016) .
For our numerical results, we use c.g.s. units unless stated otherwise. Spectral indices α are defined by the usual convention 1 Fig. 1 . FIRST images of the first 12 FRICAT sources. Contours are drawn starting from 0.45 mJy/beam and increase with a geometric progression with a common ratio of √ 2. The field of view is 3'×3'; the red tick at the bottom is 30 ′′ long. The blue circle is centered on the host galaxy and has a radius of 30 kpc. The sources FRICAT name and redshift are reported in the upper corners. on the flux density, S ν ∝ ν −α . The SDSS magnitudes are in the AB system and are corrected for the Galactic extinction; Wise magnitudes are instead in the Vega system and are not corrected for extinction since, as shown by, for example, D 'Abrusco et al. (2014) , such correction affects only the magnitude at 3.4 µ of sources lying at low Galactic latitudes (and by less than ∼3%).
Sample selection
We searched for FR I radio galaxies in the sample of 18,286 radio sources built by Best & Heckman (2012) (hereafter the BH12 sample) by limiting our search to the subsample of objects in which, according to these authors, the radio emission is produced by an active nucleus. They cross-matched the optical spectroscopic catalogs produced by the group from the Max Planck Institute for Astrophysics and The Johns Hopkins University (Brinchmann et al., 2004; Tremonti et al., 2004) based on data from the data release 7 of the Sloan Digital Sky Survey (DR7/SDSS; Abazajian et al. 2009 ), 1 with the National Radio Astronomy Observatory Very Large Array Sky Survey (NVSS; Condon et al. 1998 ) and the Faint Images of the Radio Sky at Twenty centimeters survey (FIRST; Becker et al. 1995) adopt-ing a radio flux density limit of 5 mJy in the NVSS. We focused on the 3,357 sources with redshift z < 0.15.
We visually inspected all the FIRST images of each individual source and preserved only those whose radio emission reaches a distance of at least 30 kpc from the center of the optical host at the sensitivity of the FIRST images. Such a radius corresponds to 11.
′′ 4 for the farthest objects; this ensures that all the 741 selected sources are well resolved with the 5 ′′ resolution of the FIRST images. This permitted us to properly explore their morphology. The reference surface brightness level adopted is 0.45 mJy/beam (approximatively three times the typical rms of the FIRST images) for the objects at z=0.15. The brightness level is increased by a factor (1+0.15)/(1+z) 4 for closer objects to compensate for the cosmological surface brightness dimming; this level corresponds to a correction factor of ∼1.75 for z = 0. We also applied a k correction by assuming a spectral index of 0.7, which is typical of the extended radio emission; in this case the correction is rather small, amounting to at most ∼10%.
We adopted a purely morphological classification based on the radio structure shown by the FIRST images. The original FR I definition corresponds to "a great diversity of structure" (Fanaroff & Riley, 1974) , and it is not always of easy application. We adopted rather strict criteria for a positive classification for the selection of the FIRST sample of FR Is. We limited our selection to the sources showing one-sided or two-sided jets in which the surface brightness is generally decreasing along its whole length, lacking of any brightness enhancement at the jet end. We allowed for bent jets and we thus included narrow angle tail (NAT; Rudnick & Owen 1977) sources; conversely, we excluded the sources in which a substantial brightening occurs along the jet, thus excluding, for example, wide angle tail (WAT; Owen & Rudnick 1976) objects.
The three authors performed this analysis independently and we included only the sources for which a FR I classification is proposed by at least two of us.
The resulting sample, to which we refer as FRICAT, is formed by 219 FR Is. In Fig. 1 we present the FIRST images of the first 12 FRICAT sources selected to illustrate the outcome of our selection. Images of all FRICAT objects are available in the Appendix. Their main properties are presented in Table 1 , where we report the SDSS name, redshift, and NVSS 1.4 GHz flux density (from BH12). The [O III] line flux, the r-band SDSS AB magnitude, m r , the Dn(4000) index (see Section 4 for the definition of the Dn(4000)), and the stellar velocity dispersion σ * are instead from the MPA-JHU DR7 release of spectrum measurements. The concentration index C r was obtained for each source directly from the SDSS database. For sake of clarity, errors are not shown in the table; we estimated a median error of 0.08 on C r , of 0.03 on Dn(4000), of 0.004 magnitudes on m r , and of 9 km s −1 on σ * . Finally we list the resulting radio and line luminosity, and the black hole masses estimated from the stellar velocity dispersion and the relation σ * − M BH of Tremaine et al. (2002) . The error in the M BH is dominated by the spread of the relation used (rather than by the errors in the measurements of σ * ) resulting in an uncertainty of a factor ∼ 2.
The limited resolution of FIRST imposes a minimum size of 30 kpc to the FR Is. We selected (with the same criteria discussed above) a second sample of FR Is extending to smaller radii, 10 < r < 30 kpc, to consider also less extended radio sources. We limited this sample to nearby objects (z < 0.05) to preserve a sufficient spatial resolution. The images of these 14 sources, forming the 'small' FR Is sample (hereafter sFRICAT), are presented in Fig. 2 and their properties are listed in Table 2 .
The completeness of the FRICAT samples.
We now discuss the completeness of the sample related to the radio and optical selection.
Concerning the radio selection, the BH12 includes sources with a NVSS flux density larger than 5 mJy. However, our selection also depends on the brightness distribution in the FIRST images. Therefore we might be missing objects characterized by, for example, diffuse emission not reaching the 3σ limit in these higher resolution images; furthermore, some extended emission might be resolved out, and missed, by the FIRST maps.
In the left panel of Fig. 3 , we show the distribution of the flux density at 1.4 GHz (i.e., F 1.4 ) for all the sources belonging to the FRICAT; this flux density peaks at ∼50 mJy and extends up to ∼5 Jy. The brightest source, FRICAT 1416+1048, is the only objects belonging to the 3C sample, 3C 296. Below the peak the sources density decreases and there are only two objects between 5 and 10 mJy. This flux distribution indicates that indeed the completeness limit of FRICAT is higher than the original 5 mJy and can be set at ∼50 mJy.
As for the optical selection of the sample, according to Montero-Dorta & Prada (2009) , the redshift completeness of the SDSS decreases with decreasing apparent magnitude, starting from ∼90% at the SDSS spectroscopic limit of r = 17.77 and reaching ∼50% at r = 11.75. Most of the incompleteness is due to the SDSS fiber cladding, which prevents fibers on any given plate from being placed closer than 55 ′′ apart. For brighter (and more extended) objects other effects become important, such as the superposition of bright saturated stars on the target.
In the right panel of Fig. 3 , we show the distribution of the r magnitude of the FRICAT hosts. The vast majority of them fall in the magnitude range of the SDSS main galaxies sample (Strauss et al. 2002; 17 .77 < r < 14.5); a bright tail of objects (also including most of the sFRICAT hosts) is present but it drops to zero well before the redshift completeness is significantly reduced.
Thus both FR Is catalogs (FRICAT and sFRICAT) are statistically complete at level of ∼90% in the optical energy range. However, it is worth mentioning that this extremely low level of incompleteness is only due to a random loss of ∼10% of the potential spectroscopic targets (see, e.g., Zehavi et al., 2002) .
FRICAT hosts and radio properties

Hosts properties
All selected FR Is are classified as low excitation galaxies (LEG) by Best & Heckman (2012) based on the ratios of the optical emission lines in their SDSS spectra. There are only four exceptions and these are sources that cannot be classified spectroscopically because some of the diagnostic emission lines cannot be measured in their spectra (see Tab. 1 and 2); based on the criteria used by Best & Heckman (2012) their radio emission is powered by an AGN. Furthermore, Baldi & Capetti (2010) show that the spectroscopically unclassified objects likely belong to the class of LEG, but with an even lower contrast of the AGN against the host galaxy emission.
The distribution of absolute magnitude of the FRICAT hosts covers the range −21 M r −24 with a maximum at M r ∼ −22.5 (see Fig. 4, left panel) . The distribution of black hole masses (Fig. 4, right panel) covers the range 8.0 log M BH 9.5M ⊙ , peaking at ∼ 10 8.5 M ⊙ . Various diagnostics can be used for a morphological and spectroscopic classification of the hosts. The concentration index C r is defined as the ratio of the radii including 90% and 50% of the light in the r band, respectively. Early-type galaxies (ETGs) have higher values of C r than late-type galaxies. Two thresholds have been suggested to define ETGs: a more conservative value at C r 2.86 (Nakamura et al., 2003; Shen et al., 2003) and a more relaxed selection at C r 2.6 (Strateva et al., 2001; Kauffmann et al., 2003; Bell et al., 2003) . Bernardi et al. (2010) found that the second threshold of the concentration index corresponds to a mix of E+S0+Sa types, while the first mainly selects ellipticals galaxies, removing the majority of Sas, but also some Es and S0s.
The Dn(4000) spectroscopic index is defined according to Balogh et al. (1999) as the ratio between the flux density measured on the "red" side of the Ca II break (4000-4100 Å) and that on the "blue" side (3850-3950 Å). Low redshift (z < 0.1) red galaxies show Dn(4000)= 1.98 ± 0.05, which is a value that decreases to = 1.95 ± 0.05 for 0.1 < z < 0.15 galaxies (Capetti & Raiteri, 2015) . The presence of young stars or of nonstellar emission reduces the Dn(4000) index.
In Fig. 5 we show the concentration index C r versus the Dn(4000) index (left panel) and versus M BH (right panel) for the FRICAT sources. The vast majority of the hosts lie in the region of high C r and Dn(4000) values, indicating that they are red ETGs. There are only a few exceptions: FRICAT 0735+4158 has a low concentration index (C r = 2.29), but this is due to the presence of two compact sources close to the host center. FRICAT 1053+4929, FRICAT 1428+4240, and FRICAT 1518+0613 instead have a low Dn(4000) index, ∼1.3; their spectra are rich in absorption lines, suggesting a dilution from nonstellar continuum rather than young stars. Indeed all three sources (that we keep in FRICAT) are included in the list of low luminosity BL Lacs compiled by Capetti & Raiteri (2015) .
The Dn(4000) index refers only to the region covered by the SDSS spectroscopic aperture, 3 ′′ in diameter. In order to explore the global properties of the FRICAT hosts, we also consider the u − r color of the galaxies as a whole. In Fig. 6 we show the u − r color versus the absolute r-band magnitude M r of the hosts. With the exception of the three BL Lacs, they are all located above the line separating red and blue ETGs. The fraction of "blue" ETGs (represented as the histogram at the bottom of the figure) decreases with increasing luminosity and these ETGs disappear for M r −22.5 (Schawinski et al., 2009 ). The lack of blue ETGs among the FRICAT hosts is relevant; however, their expected number, based on their M r distribution and the "blue" fraction of the general ETGs population, is only 4.3.
The WISE infrared colors further support the passive nature of the FRICAT hosts. In Fig. 6 we show the comparison between the mid-IR colors of FRICAT sources and those of ∼3000 randomly selected sources (gray circles) at high Galactic latitudes (i.e., |b|>40
• ). The associations between the FRICAT and the WISE catalog were computed adopting a 3.
′′ 3 angular separation, which corresponds to the combination of the typical positional uncertainty of the WISE all sky survey (Wright et al., 2010) and that of the FIRST (D' Abrusco et al., 2014) . In the same figure we also report the mid-IR colors of the Fermi blazars for reference of WISE sources whose IR emission is dominated by nonthermal radiation (Massaro et al., 2011; D'Abrusco et al., 2012) . FRICAT sources appear to have mid-IR colors mostly dominated by their host galaxies (they fall in the same region as elliptical galaxies; Wright et al. 2010) and not contaminated by the emission of their jets. Only the three BL Lacs have W2 − W3 > 0.3 and they are located at the onset of the sequence defined by the more luminous objects of this class 
Radio properties
The distribution of radio luminosity at 1. erg s −1 . The Fanaroff & Riley (1974) separation between FR Is and FR IIs translates, with our adopted cosmology and by assuming a spectral index of 0.7 between 178 MHz and 1.4 GHz, into L 1.4 ∼ 10 41.6 erg s −1 . All objects included in our sample fall below this threshold, although it must be kept in mind that the power separation between FR Is and FR IIs is sharper at 178 MHz than at higher frequencies (Zirbel & Baum, 1995) .
The separation between FR classes is cleaner in the opticalradio luminosity plane (Ledlow & Owen, 1996) . Indeed, the bulk of the FRICAT sources lie below the boundary between FR I and FR II reported by Ledlow & Owen; see left panel Fig. 7 correction of 0.12 mag to scale our total host magnitude to the M 24.5 used by these authors, and an additional 0.22 mag to convert the Cousin system into the SDSS system (Fukugita et al., 1996) . This confirms the indication that more powerful FR Is can be associated with more massive galaxies, while in less luminous hosts the FR I/FR II transition occurs at lower L 1.4 ; as a result, a positive trend links L 1.4 and M r . A similar trend is seen also between L 1.4 and M BH (Fig. 7, right panel) . This is likely to be driven by the connection between M BH and the host luminosity combined (Marconi & Hunt, 2003) with the Ledlow & Owen effect.
FR Is show a large spread in both radio and [O III] line luminosities (see Fig. 8 ), both quantities spanning over two orders of magnitude. The FR Is of the sFRICAT sample fall generally in the low end of the radio luminosity distribution. Within the same volume (z < 0.05), the sources extending to 10 < r < 30 kpc have a median luminosity that are four times smaller than those with r > 30 kpc.
Discussion
The population of the FRICAT hosts is remarkably uniform. They are all luminous red ETGs, with large black hole masses (M BH 10 8 M ⊙ ), spectroscopically classified as LEGs. All these properties are shared with the hosts of the 'small' FR Is and the more powerful 3C-FR Is. We included in the 3C-FRIs sample the 16 radio galaxies with z < 0.3 and a FR I morphology, according to Buttiglione et al. (2010) , and with either a direct M BH measurement or a published stellar velocity dispersion in the HyperLeda database 2 . More quantitatively, the distributions of M BH and M r of the FRICAT and sFRICAT samples are not statistically distinguishable, according to the Kolmogoroff-Smirnov test. A small difference might instead emerge when considering the 3C-FRIs hosts. This latter sample has a median M BH that is a factor of 1.9 higher with respect to the FRICAT (and they are 0.2 magnitudes brighter). As discussed in the previous section, this might be the manifestation of the Ledlow & Owen effect. Ledlow & Owen (1996) to which we applied a correction of 0.34 mag to account for the different magnitude definition and the color transformation between the SDSS and Cousin systems. Right panel: radio luminosity vs. black hole mass. The green points are the 3C-FR Is.
Nonetheless, the null hypothesis that they are drawn from different populations cannot be rejected at a 3σ confidence level.
Even though the hosts of three FR Is samples are very similar, the FRICAT sources show a very different properties with respect to what is seen in the 3C sample for the connection between emission lines and radio luminosities.
The 3C-FRIs show a positive trend between the line and radio luminosities with a slope consistent with unity (e.g., Buttiglione et al. 2010) . This indicates that a constant fraction of the AGN power, as measured from the emission lines, is converted into radio emission. Buttiglione et al. show that the same result, although with a different normalization, is found when considering the 3C-FR II radio galaxies.
Conversely, no correlation between L 1.4 and L [O III] can be seen for the FRICAT where, at a given line luminosity, the radio luminosities span over two orders of magnitude. Similar to what is seen in the 3C sample, it appears that no source has a L 1.4 /L [O III] ratio exceeding ∼100, producing the scarcely populated region in the bottom right portion of this diagram; but objects are found with much lower ratios down to L 1.4 /L [O III] ∼0.5. Furthermore, the radio luminosity grows, not surprisingly, when the size of the radio source increases. Less obviously, the FR Is in the "small" sample have a lower (by a factor of ∼ 3) median ratio between line and radio luminosity.
Apparently, the high flux threshold used for the selection of the 3C sources favored the inclusion of radio galaxies with high ratios between radio and optical luminosity. A much larger population of FR Is emerges when lowering the radio flux limit by three orders of magnitude. The connection between radio and line luminosity disappears. The spectroscopic and host properties of the FR I hosts rule out the possibility of a substantial contribution to the [O III] line by star formation that might com- 
Summary and conclusions
We built a catalog of 219 FR I radio galaxies, called FRICAT, selected from the Best & Heckman (2012) sample, and obtained by combining the SDSS, NVSS, and FIRST surveys.
The FR I classification is purely morphological and based on the visual inspection of the FIRST radio images. We included the sources in which the radio emission reaches a distance of at least 30 kpc from the host (restricting the analysis to those with redshift z < 0.15). We adopted rather strict criteria for a positive FR I classification; we selected only sources showing one-sided or two-sided jets in which the surface brightness is generally decreasing along its whole length, lacking of any brightness enhancement at the jet end, i.e., with an edge-darkened structure. The resulting FRICAT catalog comprises 219 objects. A second sample of 14 objects, sFRICAT, extends the selection to smaller FR Is by including sources with 10 < r < 30 kpc and z < 0.05. These samples have a high level of completeness (∼90%) in both their radio and optical selection. As such, they can be used to study, for example, their radio and bivariate radio/optical luminosity functions. One should nonetheless bear in mind the morphological selection criteria adopted and that the completeness limit in the radio band is ∼50 mJy. These are well suited for our purposes but it will be certainly interesting to explore the connection of the FRICAT with the remaining ∼500 extended radio galaxies we did not include in our analysis.
The FRICAT hosts are remarkably homogeneous, as they are all luminous red ETGs with large black hole masses that are spectroscopically classified as LEGs. All these properties are shared by the hosts of more powerful FR Is in the 3C sample. They do not show significant differences from the point of view of their colors with respect to the general population of massive ETGs. The presence of an active nucleus (and its level of activity) does not appear to affect the hosts of FR Is.
The FRICAT sources differ from the 3C-FRIs for the connection between emission lines and radio luminosities. While in 3C-FRIs the line and radio luminosities are correlated (suggesting that a constant fraction of the AGN power is converted into radio emission) these two quantities are unrelated in the FRICAT. We argue that the line/radio correlation is the result of a selection bias because of the high flux threshold of the 3C sources that favors the inclusion of radio galaxies with high ratios between radio and optical luminosity. Baldi & Capetti (2009) reached a similar conclusion from the comparison of the 3C objects with the radio galaxies associated with nearby (z 0.01) optically luminous ETGs.
The 3C-FRIs represent the tip of the iceberg of a much larger and diverse population of FR Is. This result highlights the importance of exploring a broader (and larger) population of FR Is. Several other issues, such as those listed in the Introduction, can now be addressed by using FRICAT. In particular we will explore in two forthcoming papers the environment of FRICAT and how they are related to the class of the compact FR 0 radio sources (Baldi et al., 2015) . 
